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nected to the light source and an associated power source for
providing power to the light source. The photometric module
mounts to the light engine and creates a beam pattern that
illuminates a substantial portion of an entire associated sub-
ject area. The method of 1lluminating a large area includes
determining a subject area to be 1lluminated by a plurality of
light sources and determining a desired lighting critenia for
the subject area. A first light source 1s provided and light
emitted from the first light source 1s directed to 1lluminate the
subject area. Additional light sources are provided and
directed to provide additional light to i1lluminate the same
portion of the subject area until the desired lighting critenia
are met.

10 Claims, 12 Drawing Sheets
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Fig. 9A

1) DETERMINE THE DESIGN AREA {e.g.. FOOTBALL FIELD., SOCCER FIELD, ETC.
INCLUDING ADDITIONAL AREA OUTSIDE FIELD BOUNDARIES) AND THE
LIGHTING PROFILE (fc HORIZONTAL AND fc VERTICAL)

¢) DETERMINE THE DESIRED POLE COUNT, POLE LOCATIONS AND
POLE HEIGHTS FOR THE DESIGN AREA

AREA WHERE A 7/ COORDINATE REFERS TO THE LIGHTING PROFILE

3) PRODUCE A GRID (X AND Y COORDINATES) DEPICTING THE DESIGN

4] FOR A SINGLE FIXTURE AND EACH GRID POINT, BACK-COMPUTE THE POLAR
ANGLES AND CANDELA LEVELS FOR EACH GRID POINT NECESSARY TO
ACHIEVE THE DEFINED LIGHTING PROFILE (Z COORDINATE )

5) CONVERT/TRANSFORM VIA CURVE FITTING THE RESULTING ANGULAR
DISTRIBUTION OF ENERGY FROM THE FIXTURE TO A GRID OF
POLAR ANGLES HAVING A UNIFORM DISTRIBUTION OF ANGLES

6) USING THE OPTICAL PROPERTIES OF THE LIGHT ENGINE REFLECTOR AND
CONVENTIONAL COMPUTER BASED RAY TRACING., CREATE A HIGH DENSITY MAP
OF ENERGY AT THE SURFACE OF THE ASPM SUBDIVIDING THE
ASPM SURFACE INTO SURFACE ELEMENTS OF APPROXIMATELY EQUAL ENERGY

NN AN BN BN __BE BN 3R BN BB B3 308 __§3 _JJ§ _BE _BR __BER B4 __SB& __ N, s NN BN BB BN __BRNE __BE __ NN BN _NBF _FR _BR ____ BN B3 __NRE___§BN_ __§N§_ SN __NN§N N * -

MATCH TO FIG.9B
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MATCH TO0 FIG.JA

7) SELECTIVELY AIM EACH SURFACE ELEMENT OF THE ASPM TO COMPENSATE
FOR THE LOCALIZED INCIDENT ANGLE AT THAT SURFACE ELEMENT AND TO
REOIRECT ENERGY ALONG QUTPUT DIRECTIONS IN PROPORTION TO THE
ENERGY NEEDED FOR EACH POLAR ANGLE/CANDELA COMBINATION OF STEP S

8) TRANSLATE THE SURFACE ELEMENTS IN A DIRECTION GENERALLY NORMAL TO
THE ASPM TO CREATE A NEW SURFACE SUCH THAT ELEMENT-TO-ELEMENT EDGE
DISCONTINUITY IS MINIMIZED TO CREATE A NEAR-CONTINUOUS SHAPED SURFACE

9) SIMULATE (USING CONVENTIONAL OPTICAL/PHOTOMETRIC SIMULATION
PROGRAMS) AND COMPARE THE PHOTOMETRIC PROPERTIES OF THE APSM
SHAPL TO THE PLANNEQD POLAR OISTRIBUTION OF LIGHT IOENTIFIEC

IN STEP 5. IF MATCH IS ACCEPTABLE, PROCEED TQ STEP 10.
[F NOT ACCEPTABLE RETURN TO STEP & AND ITERATE THE DESIGN
USING THE SHAPED APSM SURFACE AS THE NEW STARTING SURFACE

ACCEPTABLE NOT ACCEPTABLE

10) USING THE ESTIMATED FIXTURE EFFICIENCY AND THE KNOWN INITIAL

LAMP LUMENS, SCALE THE RESULTING CANDELA VALUES IN
PROPORTION TO THE ENERGY AVAILABLE FROM A SINGLE FIXTURE

11) ESTABLISH THE TOTAL FIXTURE COUNT BY ESTABLISHING THE
INTEGRAL NUMBER OF FIXTURES NECESSARY TO ACHIEVE THE OESIRE(D

LIGHT LEVEL TAKING INTO ACCOUNT THAT FIXTURES MUST BE ADDED IN
INCREMENTS COMPATIBLE WITH THE FIELO SYMMETRY
(e.q. FOUR QUAORANT = FOUR FIXTURE INCREMENTS)

12) CREATE A MIRROR IMAGE APSM FOR THE FIXTURE THAT [S
ON AN OPPOSITE SIOt OF THE MIOLINE

Fig. 9B
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MODULAR FIXTURE AND SPORTS
LIGHTING SYSTEM

BACKGROUND OF THE INVENTION

This mvention relates to 1llumination devices. More par-
ticularly, the invention relates to 1lluminating a large surface
area or playing surface such as a sports or recreation field. The
invention 1s also amenable to other applications including
lighting parking lots, as well as other large areas including 10
indoor areas.

Existing sports lighting installations normally comprise
several poles and a multiplicity of similar fixtures that are
typically the same wattage and model with different photo-
metric characteristics. The fixtures are mounted on poles with 15
cross-arms and individually aimed in such a way that the
various photometric patterns {ill 1n regions of the lighted area
to meet the desired uniformity and light levels. In some appli-
cations this requires measuring the lighting results and point-
ing the fixtures at the time of nstallation to compensate for 20
variations in the individual fixture photometry, photometric
ax1s, and the 1naccuracies of fixture pointing on the mounting
arm and pole.

A typical parks and recreation sports field might incorpo-
rate four to e1ght poles and approximately 50-60 fixtures. The 25
fixtures typically comprise several general purpose flood
lights with National Electrical Manufacturers Association
(“NEMA”) types describing the photometric characteristics
of the fixtures. NEMA types 3x3 (med-narrow), 4x4, 5x5,
and 6x6 (wide) would normally be used. Fach fixture 1s 30
installed on a cross-arm on a pole and aimed 1n both azimuth
and elevation according to a design plan to create a composite
field lighting pattern that meets uniformity and light level
specifications. In general, each fixture lights a limited portion
of the entire field that i1s substantially less than the area of the 35
entire field. Lamp failures in individual fixtures cause local
dimmed regions on the field and uniformity loss. Also, por-
tions of the fixtures cannot be turned off to conserve energy
without creating dimmed regions on the field. Furthermore,
cach fixture must be pointed or aimed individually at the time 40
of installation to achieve the intended lighting result. This, of
course, becomes a time consuming and expensive task.

FIG. 1 depicts aknown lighting system where a plurality of
floodlights A mount to a cross-arm B of a pole C. The flood-
lights generate generally elliptical distribution patterns D that 45
illuminate separate portions of a playing surface E. Light
poles and fixtures are added as necessary to i1lluminate the
playing surface to the desired light level and uniformity. In
general, the economics of purchase and operating costs drive
the design to use the minimum number of {ixtures necessary 50
to meet the light level and uniformity requirements. This
substantially limits or precludes redundancy 1n light coverage
on the field and 11 one fixture fails, a region of low light level
results 1n the area that was 1lluminated by the light emitted
from the failed fixture. 55

Accordingly, 1t 1s desirable to provide a lighting system and
method where 1f one fixture fails, the average light level over
the entire playing surface or field 1s reduced, but the unifor-
mity ol the light on the field remains substantially the same. It
1s also desirable to provide a lighting system and method that 60
reduces the complexity ol installation of the system by greatly
reducing or eliminating fixture aiming.

BRIEF SUMMARY OF THE INVENTION

63
A modular light fixture primarily for use 1n sports lighting
applications, but with features that are potentially usetul 1n

2

general outdoor area and indoor lighting applications,
includes a light engine serving to provide a generally con-
verging beam of light onto which an application specific
photometric module 1s attached. The photometric module
distributes light so that a photometric pattern 1s created that
covers the entire playing surface. To achieve the desired light
levels, multiple duplicate fixtures using identical engines can
be used. Application specific photometric modules that are
typically designed as right hand and left hand modules are
pointed in the same general direction are used 1n superposi-
tion. This allows the lighting design for specific applications
to be standardized. Modular construction facilitates assembly
and lighting system 1nstallation. Additionally, the fixture can
be configured to provide the photometric characteristics of
the typical NEMA classifications used currently in most
sports lighting installations.

A method of providing redundancy when 1lluminating a
large area such as a sports/recreation field or playing surface
1s also provided. The method includes determining a subject
area to be 1lluminated by a plurality of light sources and
determining a desired lighting criteria for the subject area. A
first light source 1s provided and light emitted from the first
light source 1s directed to 1lluminate the subject area. Addi-
tional light sources are provided to 1lluminate at least a sub-
stantial portion of the subject area until the desired lighting
criteria are met.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a schematic of an existing sports/recreational field
lighting system.

FIG. 2 1s a schematic of a sports/recreational field to be
lighted by the new lighting system of the present invention.

FIG. 3 1s a graph depicting the lighting level at certain
locations along a cross section of the sports/recreational field
of FIG. 2.

FIG. 4 1s a graph depicting the lighting level at certain
locations along another cross section of the field of FIG. 2.

FIG. 5 1s a schematic overhead view of beam patterns
created by the lighting system on the field of FIG. 2.

FIG. 6 1s a schematic side view of beam patterns created by
the lighting system on the field of FIG. 2 (beam patterns are
offset vertically at the ground for clarity).

FIG. 7 1s a side cross-sectional view of a fixture used 1n the
lighting system of the present invention.

FIG. 8 1s a side cross-sectional view of a portion of the
fixture of FIG. 7 showing the path of light 1n the fixture.

FIGS. 9A and 9B are tlow-charts depicting a process for
determining the shape of a photometric module.

FIG. 10 1s a plan view of a starting surface of the photo-
metric module 1n the process for determining the shape of the
photometric module.

FIG. 11 1s an exploded view of the fixture of FIG. 7 and
illustrating the ability to substitute different electronic mod-
ules and photometric modules.

FIG. 12 1s a schematic view of a baseball field to be lighted
by the lighting system according to the present invention.

FIG. 13 1s a schematic overhead view of beam patterns
created by an alternative embodiment of a lighting system
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FI1G. 2, a subject area 10 1s 1lluminated by
a plurality of lights. For the sake of brevity and understanding,
the subject area 10 1n this portion of the description 1s a
tootball field, however 1t 1s to be understood that the subject
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areca could be any recreation field or large area including,
without limitation, a baseball field, a softball field, a soccer
field, a recreation field, an arena floor, a tennis court, an
exercise floor, a gymnasium floor, or a parking lot.

Facilities, such as playing fields, are designed according to
certain illumination criteria. The lighting level 1llumination
criteria are usually measured 1n foot candles (*1c”). As just
one example, class II football requires 50 fc horizontal and 40
tc vertical. The classes and the lighting level are well known
in the art and need not be described in further detail.

In addition to the lighting level, another 1llumination cri-
terion 1s the uniformity of lighting throughout the playing
arca. Uniformity generally refers to the evenness of the light-
ing and 1s expressed as a ratio of the maximum to minimum
foot candles on the subject area or as a ratio of average to
mimmum foot candles on the subject area. Objects traveling
through the air, such as a football, will appear to change
speeds as 1t passes from dark to light areas 1n non-uniform
light, thus making 1t difficult to follow. Accordingly, lighting
designers strive to achieve uniformity over the playing area.

To design proper lighting for the football field 1n FIG. 2, the
s1ze of the playing area 1s determined. The playing area waill
usually include additional area outside the field boundaries,
¢.g. sidelines, player’s benches, dugouts, etc. A map of the
field 1s then derived, with x and y coordinates designating
specific positions on the field. The desired 1lluminance, 1.e.,
number of foot candles, to illuminate each coordinate 1s des-
ignated on the map as a z coordinate.

The three dimensions X, y, and z are plotted to derive a map
representative of the lighting level characteristics of the field,
sort of a topographic map. A cross section of the field can be
taken an infinite number of times along the x and y axes to
derive graphs similar to FIGS. 3 and 4. With reference to FIG.
3, a cross section of the field 10 1s taken along a line of
symmetry 12 (FIG. 2) that extends 1n the x-axis direction. The
x-axi1s refers to the length of the field including the additional
area to be 1lluminated. The z-axis refers to the desired 1llumi-
nance 1n foot candles. A line 14 in the z-axis refers to the
desired horizontal foot candles and a line 16 refers to the
desired vertical foot candles. Of course 1t will be appreciated
by one skilled mn the art that these graphical representations
are only for purposes of explaining the mvention and the
particular numeric values and/or relative differences 1n values
ol a particular field. With reference to FIG. 4, a cross section
of the field 10 1s taken along a midfield line 18 (FIG. 2.). The
y-axis refers to the width of the field including the additional
area that 1s to be i1lluminated. The z-axis refers to the desired
illumination 1n foot candles, where a line 22 refers to the
desired horizontal foot candles and a line 24 refers to the
desired vertical foot candles. The taper of the lines 14, 16, 22
and 24 1s due to the fact that a hard boundary 1s physically
unrealizable because a beam pattern cannot terminate
abruptly.

As an example of a lighting system according to the present
invention, 1 the embodiment depicted 1in FIG. 2, four light
poles 32, 34, 36 and 38 are positioned roughly at the 25 vard
line, which can equal a desired oifset from the midfield line,
of the football field 10 at a predetermined set back. Each pole
includes a plurality of fixtures mounted at a predetermined
height. Only fixtures 40 mounted to light pole 32 and some
fixtures 42 mounted to light pole 34 are depicted. Each pole
can include the same number of fixtures to ensure symmetric
vertical light levels. With reference to FIG. 5, each fixture 40
of the light pole 32 1s aimed at a target point and produces a
beam spread such that 1t illuminates the entire playing field,
including the area extending beyond the playing boundary.
Thus, as will be appreciated from the 1llustration of FIG. 5, the
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photometric module of each fixture 1s designed so that the
beam patterns substantially superpose, 1.e. i1lluminate the
entire field as opposed to simply lighting only a portion of the
playing field, as depicted 1in FIG. 1.

The light fixtures 40 mount to cross-arms 44, which mount
to the light pole 32. In the embodiment of FI1G. 2, each fixture
40 on the light pole 32 produces an identical photometric
pattern that covers the entire playing area. Also, each fixture
40 1s aimed 1n the same direction, and therefore at the same
target point, taking into account the center to center spacing
between the fixtures. Such a configuration reduces the com-
plexity of lighting installation by eliminating fixture aiming.
Thus, rather than encountering the laborious process of 1ndi-
vidually aiming each fixture, lighting uniformity and redun-
dancy 1s already achieved across the entire playing field. Also,
since each fixture 40 creates an 1dentical photometric pattern
and 1s generally aimed 1n the same direction, the light fixtures
can attach to the cross-arm 44 using a mounting fixture that
does not allow adjustment. For example, as depicted 1n FIG.
7 a fixed mounting arm 46 extends from the fixture 40 to
attach to a cross-arm 44 (FI1G. 2) using a bolt 48. The mount-
ing arm 46 can be configured so that attachment to the cross-
arm 44 results 1n proper aiming of the fixture. For example the
notch shown in the mounting arm can cooperate with the
cross-arm 44 to result 1n a desired aiming direction. In con-
trast, known mounting structures incorporate a rotatable
knuckle or a rotatable trunnion configuration to allow for
altitude and azimuth adjustment, which 1s not required with
light fixtures 40 described herein.

With reference to FIGS. 5 and 6, due to the fixture-to-
fixture spacing in vertical and horizontal dimensions, the
lighting patterns from each fixture, while covering the full
field, have slight shiits relative to each other, taking into
account the mounting displacement. As seen in FIGS. 5 and 6,
the light pattern emitted from light fixture 40q has the same
dimensions as the light pattern emitted from fixture 4056. The
beam patterns are offset vertically at the ground 1n FIG. 6
simply for clarity. Due to the relatively large pole height, pole
setback, and field size, the pattern-to-pattern shifts have rela-
tively mimimal influence on the lighting uniformity of the
field.

Each light fixture creating a photometric pattern that covers
the entire playing field also allows the light level produced on
the field, 1.e. the z-ax1s 1n FIGS. 3 and 4, to be scalable. Higher
illuminance 1s achieved by simply adding additional fixtures.
The converse holds true as well, in that the lighting system
allows for redundancy where if one fixture goes out, the
average light level of the entire field goes down, but the
lighting uniformity stays the same. No dark spots result from
a burned out {ixture. To conserve energy many of the fixtures
can be turned off, perhaps after the game, and the field 1s still
lit at a lower average light level. This may be desirable for
example, for security reasons where a limited number of
fixtures are used to maintain a minimum level of light over the
entire field. During periods when only low levels of light are
required, which fixtures are used can be varied or alternated to
extend the life of the fixtures and evenly spread the operating
hours across all the lamps.

With reference back to FIG. 2, for an area to be lit having
four-quadrant symmetry, such as the football field 10, fixtures
situated on poles on opposite sides of the madiield line 18
produce a photometric pattern that are mirror 1mages of one
another. Accordingly, right-hand fixtures, e.g. fixtures 42, and
left-hand fixtures, e.g. fixtures 40, are provided. Installation
complexity 1s reduced by such a configuration in that all
fixtures, 1.e. both 40 and 42, all point 1n the same direction and
mount 1n a fixed orientation to the arm or pole.
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With reference to FIG. 7, the highting fixture 40 or 42
includes a light engine 50, an electrical module 52, and a
photometric module 54. The light engine 50 includes a hous-
ing 56 that encloses a lamp 58 and a reflector, or first reflector,
62. The lamp 58 in FIG. 7 1s preferably either a jacketed or
unjacketed high intensity gas discharge (“HID”) lamp, how-
ever the lamp can comprise any lamp capable of producing
the required amount of lumens. As opposed to known sports
lighting systems where the arc tube axis generally points
toward the field or where the arc tube 1s disposed horizontally
with a side presented to the field, the arc tube axis of the lamp
58 can be situated nearly vertically, e.g., within 15 degrees of
vertical orientation and nominally 10 degrees oif vertical
towards the field direction. The vertical configuration 1s
because light 1s directed from the first reflector 62 toward the
photometric module 54, which redirects light into a desired
photometric beam.

With reference to FIG. 8, the first reflector 62 acts as a
collector of the light emitted from the lamp and 1s shaped to
create a converging beam with limited angular mixing of the
light at a surface 64 generally where a retlective surface of
distribution forming retflector, which will be described 1n
more detail below, of the photometric module 54 resides. The
first reflector 62 can have a concave upward shape and be
positioned coaxial with the light source 38. The first retlector
62 1s preferably a glass substrate having a high reflectivity
(HR) coating such as multi-layer dielectric “cold mirror” type
coating. The HR “cold mirror” coating for example, can
reflect greater than 95% of the visible light and pass near-IR
energy. The first retlector also has a short focal length and a
high numerical aperture to maximize the light collection
while minimizing the light engine size and weight. Effective
focal lengths in the range of 12 to four times the arc tube

clectrode gap can be employed.

With reference back to FIG. 7, the electrical module 52
mounts to the housing 56 of light engine 50 and appropnate
clectrical contacts 68 connect to a socket 72 that receives the
base of the lamp 58. A mogul screw base lamp with a bulged
tubular jacket BT 1s depicted for illustration, but other lamp
basing methods are contemplated. These methods include a
medium base, a bi-pin base, or a double ended lamp, as some
examples. The electrical module 52 attaches to the housing 56
of the light engine 50 1n a variety of ways including, but not
limited to, flanges and screws, shoulders and set screws, V4
turn threads, bayonet or twist lock mechanisms, toggle
clamps, or any variety of compatible conventional mechani-
cal means. The electrical module attaches and detaches easily
to the light engine to facilitate assembling and upgrading the
fixture. The electrical module 352 includes a housing 74,
enclosing typical electrical components such as a magnetic
ballast, a capacitor, wiring and starting elements, and inter-
connects to create the module-to-module and fixture-to-pole
clectrical connections (not shown). Component location and
component mounting methods within the module are
designed to maximize the heat transfer efficiency and reduce
the operating temperatures of the most sensitive components
such as the capacitor. The electrical module 1s not limited to
conventional magnetic ballast components and may alterna-
tively include an electronic ballast. Alternatively, the active
clectrical components, 1.¢., a magnetic or electronic ballast,
can be mounted in a remote location and the fixture can
include a cabling adapter module to electrically connect to the
remote ballast.

The photometric module 54 mounts to the housing 36 of
the light engine 50. The photometric module 34 includes a
housing 76, an output window 78, and a distribution forming,

reflector 82. The photometric module can also 1include light
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shields to control spill light or glare. The distribution forming
reflector, or second reflector, 82 redirects converging light
from the first reflector 62 to form a photometric beam shape
designed to uniformly 1lluminate the desired area to be 1llu-
minated. The distribution forming reflector 82 can be made of
a pressed glass material and coated with an HR ““cold mirror™
coating. The distribution forming reflector 82 can be made
from other known materials with a high reflectivity specular
finish. The photometric module housing 76 mounts to the
light engine housing 56 1n a similar fashion to the electronic
module housing 74 mounting to the light engine housing. The
output window 78 serves to enclose the fixture’s optical com-
ponents and 1s preferably made of pressed or sagged glass and
includes single or multilayer anti-reflection (AR) coating for
visible wavelengths on interior and/or exterior surfaces of the
output window. Dependent upon such factors as the setback
of the fixture from the area to be lit (1.e. the football field), the
vertical height of the fixture on the light pole, and the surface
area of the field including the area to be lit outside the field
boundaries, the shape of the photometric distribution forming
reflector 82 1s determined. Computer modeling, for example
using iterations, determines the shape of the distribution
forming reflector 82. For many applications, the distribution
forming reflector 82 will adopt a toric-like shape being gen-
erally concave in the vertical dimension and generally convex
in the horizontal dimension with horizontal and vertical
asymmetries related to the energy distributions required
along those directions. The shape of the distribution forming
reflector 82 can be determined using a process depicted in
FIG. 9.

FIG. 9 depicts the process in a numerical order; however,
some of the steps can be performed before or simultaneously
with other steps and the order of the process should not be
limited to being practiced in any particular order unless oth-
erwise indicated. Also, the process depicted 1s for use mainly
with outdoor, four-quadrant symmetrical fields, but the pro-
cess can easily be tailored for indoor applications and other
outdoor applications. For example, the location of the lights
can be determined without the lights being mounted on poles.
Also, the process may recite specific manners of performing,
steps, for example converting or transforming via curve fit-
ting. Where specific steps are recited 1t 1s intended to also
include the more generic or other methods for performing the
steps. For example, step S can also use interpolation instead of
curve fitting. Other similar methods for performing the steps
depicted 1n FIG. 9 will come to those skilled 1n the art and
should be included as part of the description.

FIG. 10 depicts the surface of the distribution forming
reflector 82 as described 1n step 6 of FI1G. 9 where the surface
1s divided into a plurality of surface elements 84 of approxi-
mately equal energy. These surface elements 74 can be 1ndi-
vidually aimed and reshaped with respect to one another to
form a reflecting surface for the reflector 82.

The shape and design of the distribution forming reflector
82 1s dependent upon the application. With reference to FIG.
11, different photometric modules, 1.e., application specific
photometric modules (“ASPM”), are used for ditlerent appli-
cations. FIG. 11 depicts the modular construction of the light
fixture 40, where like components are depicted with like
numerals having a primed (') suilix or a double-primed (")
sulfix. For example, a photometric module 54' can be
designed for a playing field having two light poles, a photo-
metric module 54 can be designed for a playing field having
four poles, or a photometric module 54" can be designed for
a specific type of field such as a baseball field having four
poles to name just a few. Application specific photometric
modules can be developed to numerous other applications as
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well. This modular approach to manufacturing the fixtures
simplifies production to reduce the overall cost of the lighting
system. The ASPMs also allow easy future upgrades by sim-
ply replacing the ASPM of an existing fixture with a new
ASPM.

The combination of vertical lamp 38, HR and AR optical
coatings, and lamp optimized for pulse arc and vertical opera-
tion 1s believed to yield overall efficiency that would allow a
1000 W lamp to do the job normally done by a 1500 W lamp
in conventional fixtures. This 1s a large lifetime operating cost
advantage compared to conventional fixtures and reduces the
cost of electrical infrastructure due to reduced peak load. The
vertical closed cylinder form factor of the fixture, and
expected reduced diameter of the fixture combined with the
inherent shielding and photometric properties 1s believed to
result 1n a reduction 1n EPA (effective projected area), which
1s the fixture’s eflective size for wind loading 1ssues, of
roughly a factor of 2 compared to conventional fixtures pro-
viding comparable shielding performance. Also, smaller fix-
ture diameter and fixed aiming 1s believed to allow closer
fixture spacing and reduced structure size. This has signifi-
cant advantages in reducing the cost of infrastructure such as
poles, foundations, and cross arms or facilitating novel cross
arm forms. The use of a vertical lamp of lower wattage
enables the use of an arc tube/wattage combination with
shorter arc gap and lower arc tube wall power/heat loading.
The lower wall loading results 1n the potential for a two-fold
increase in expected operating life of the lamp and a propor-
tional reduction 1n associated lamp replacement and service
costs such as bucket truck rental, etc. The shorter arc gap
allows the optical system to be smaller overall by allowing
shorter focal lengths to achieve the same defimition 1n the
beam forming required to cover the full field and properly
address light throw to the corners of the distribution.

In addition to lighting an area having a four-quadrant sym-
metrical configuration, the present invention can also be used
to light areas with less symmetry. For example 1n FIG. 12, a
baseball field 100 usually includes a line of symmetry 102
bisecting home plate, the pitching rubber, and second base. A
baseball field typically requires a higher lighting level 1n the
infield 104 than in the outfield 106. Thus, poles 108,112, 114
and 116 each include a plurality of light fixtures 118, 122, 124
and 126, respectively. The light fixtures 118,122,124 and 126
provide uniform lighting of the entire field at typical outfield
levels. Each light fixture includes a photometric module that
1s adapted to create a light beam pattern that covers the entire
field including portions outside the boundaries of play. Poles
128 and 132 also each include a plurality of light fixtures 134
and 136 respectively. The light fixtures 134 and 136 provide
additional light to the infield 104 only to increase the level of
light to desired infield levels. Since the light levels are scal-
able, and because each fixture covers an entire designated
area, the light level that 1s delivered by fixtures 118, 122, 124
and 126 1s sitmply increased by the light delivered by fixtures
134 and 136.

Furthermore, to simplify installation, light fixtures 134 can
be a mirror image of light fixtures 136. Likewise light fixtures
118 can be a mirror image of light fixtures 126 and light
fixtures 122 can be a mirror image of light {ixtures 124. This,
too, simplifies manufacture and assembly.

An alternative lighting system based on the photometric
capability of the fixture described above can be provided that
would require less aiming than conventional sports lighting
systems. In this system, as shown 1n FIG. 13, ASPMs can be
designed to create a photometric beam 1350 that covers the tull
width of a football field 152, or other area to be lighted, but the
beam 150 does not cover the entire length of the football field.
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Accordingly, a fixture employing such an ASPM could attach
to a pole and be adjustable 1n only one axis to provide fixed
altitude aiming and variable azimuth aiming. Alternatively,
an ASPM can be designed to create a photometric beam that
covers the full length of the area to be illuminated, e.g., a
football field, that does not cover the entire width. In such a
case the light fixture employing the ASPM mounts to a light
pole 1n such a manner to allow for variable altitude aiming
while having a fixed azimuth aiming.

While specific embodiments of the mvention have been
illustrated and described herein, 1t 1s realized that numerous
modifications and changes will occur to those skilled 1n the
art. It 1s therefore to be understood that the appended claims
are intended to cover all such modifications and changes as
tall within the true spirit and scope of the invention.

What 1s claimed 1s:

1. A method of providing redundancy when 1lluminating a
subject area with a plurality of light sources where the subject
area has a desired lighting criteria, the method comprising the
steps of:

providing a first light source having a first photometric

module:

directing light emitted from the first light source to 1llumi-

nate the subject area;

providing an additional light source having an additional

photometric module;

directing light emitted from the additional light source to

illuminate the subject area; and

repeating the previous two steps until the lighting criteria

are met;

wherein for each of the directing steps the subject area

comprises an area from the group consisting of substan-
tially the entirety of a football field, a baseball field, a
softball field, a soccer field, a recreation field, an arena
floor, a tennis court, an exercise floor, a gymnasium
tfloor, a parking lot, and combinations thereof.

2. The method of claim 1, wherein for each of the providing,
steps the additional photometric module 1s substantially 1den-
tical to the first photometric module.

3. The method of claim 1, further comprising:

aiming the first light source toward a target point; and

aiming each additional light source substantially toward a

point offset from the target point by a dimension that
corresponds to center to center spacing between the
additional light source and the first light source.

4. The method of claim 3, further comprising alternating
which light source 1lluminates the subject area.

5. The method of claim 1, wherein for the providing a first
light source step, the first light source mounts to a first light
pole, and wherein for the providing an additional light source
step, the additional light source mounts to an additional light
pole, turther comprising the steps of:

aiming the first light source toward a target point; and

aiming the additional light source toward the target point.

6. The method of claim 1, wherein the providing an addi-

tional light source step comprises the additional light source
having a photometric module that creates a photometric beam

that 1s the mirror image of a photometric beam created by the
first photometric module.
7. A method of providing illumination of an associated
subject area, the method comprising the steps of:
providing a housing fixture;
a lamp disposed 1n the fixture housing;
providing a first reflector shaped and positioned with
respect to the lamp such that the retlector collects light
emitted from the lamp to create a converging beam with
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limited angular mixing at a surface that 1s located a 8. The assembly of claim 7, wherein the lamp comprises an

predetermined distance from the lamp; arc tube axis that 1s at least within 15 degrees of vertical.
providing a photometric module connected to the housing

and including a second reflector, wherein the second
reflector 1s shaped and positioned with respect to the first 5

reflector such that the photometric module generates a _ _
photometric beam shape that substantially uniformly 10. The assembly of claim 7, wherein the second reflector

illuminates a full width of the associated subject area, 1s shaped and positiongd with respect to the ﬁrst reﬂe‘ctor o
wherein the associated subject area comprises an area generate a photometric beam .shape that uniformly 1llumai-
from the group consisting of a football field, a soccer 10 nhates the full length of the subject area.

field, a recreation field, an arena floor, a tennis court and
a gymnasium floor. £ % % % %

9. The assembly of claim 8, wherein the first reflector
comprises a concave upward retlector coaxial with the arc
tube axis.
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